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Abstract 


0 
O 


We studied the finite-size giant magnons in AdS,4 x CP, background using the classical spectral 
curve constructed in this paper. We computed the finite-size corrections to the dispersion relations 
for the RP? giant magnons using our twisted algebraic curve based on the method proposed in 

3 
[1], in which the authors computed the finite-size corrections of giant magnons in AdS4 x CP by 
introducing a finite-size resolvent Ggnite(x). We obtained exactly the same result as in [2], where 
a totally different approach was used. 
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1 Introduction 


The gauge/gravity duality conjecture proposed in is a striking and thought-inspiring idea, which 
relates a large N gauge theory to a certain string theory in such a non-trivial way that makes it very 
hard to prove. Since integrable structures were found in both sides in AdS;/CFT4 and AdS4/CFT3 
dual pairs [4],[5],{6),[7], integrability techniques can help us to understand and to test this conjecture 
qualitatively. See [8] for a review. 


Investigating such dualities without or with less supersymmetry is very important. One approach 
is to make marginal deformations in the field theory side. The 6-deformation of AdS;/CFT4 is such 
an example, which in the field theory it corresponds to an exact marginal deformation [9], while the 
deformed background in the string theory can be generated by TsT transformations [10]. People have 
also investigated the three-parameter deformation which is also called y-deformation as a generaliza- 
tion of 6-deformation [11],{12]. Another interesting example is the duality between type IIA string 
theory on AdS4 x CP3 and y-deformed ABJM theory [13]. This is a three-parameter deformation 
which breaks supersymmetry completely, while here we are interested in the -deformed theory with 
y1 = Y2 = 0,73 = 8 which preserves N = 2 supersymmetry| 


In our recent paper [15], the integrable structure of y-deformed ABJM theory was investigated in 
detail. The twist matrices were obtained in various bases. In this paper, we will try to calculate the 
finite-size effect for giant magnons in AdS4 x CP} using classical spectral curve. In order to compare 
our results with [2], we had better to use different charges from our previous choice in [15]. These 
charges are listed in Table These two choices can be easily related through non-singular linear 
transformations, so they are equivalent. The twist matrix still has the form (in the suz grading) 


0 6, — 63 0 61 — 63 61 + 262 + 63 61 — 262 + 63 
63 — 61 0 0 63 — 04 261 —263 
1 0 0 0 0 0 0 
As 2 63 — 04 6, — 63 0 0 61 + 262 + 63 —ôı — 269 — 63 , (1-1) 
61 — 269 — 63 —261 0 —ô1 — 2d — 63 0 26, + 462 + 263 
61 + 262 — 63 263 0O 6, +262 + 63 —26, — 469 — 263 0 


‘We always assume that the deformation parameters are real, since otherwise generically integrability will be broken 


: 


Table 1: Charges of fields under three U(1) generators of SU(4)r. 


but with the relation between 6,’s and 4,’s different, 
yı =—02, Ye = —61 —62—63, Y3 = 63 — 1. (1.2) 


We make natural assumption that the type IIA string theory on AdS; x CPs is integrable based on 
previous results in the field theory side. Its classical integrability can be proven similarly to the studies 
in [I7]. Although we did not make explicit calculations, we expect that the AdS, x CP? type IIA 
string in the y-deformed background with boundary condition y;(27) — y;(0) = 2rmf is equivalent to 
string with twisted boundary conditions ¢;(27) — ġ:(0) = 27 (mM; — Yj€ijkJk) in the undeformed theory 
based on a general analysis on TsT transformation, where ọ;’s are the three U (1) directions 91, yo, % 
listed in Table [] and J;’s are the corresponding conserved angular momentum. 


The dispersion relation for RP? giant magnons in AdS4 x CP3 has been calculated in [18], and the 
finite-size corrections were obtained in [2| by searching for the needed classical string solution directly. 
In this paper, we use the classical spectral curve method to calculate these quantities and to compare 
our results to the ones of [2]. Finally, we find they match perfectly. 


2 -deformed ABA at strong coupling 


In this section we briefly review the y-deformed AdS4/CFT3 asymptotic Bethe ansatz(ABA) equations 
and introduce some notations which will be useful in the following sections. In this section, we use 
the same notation as our previous paper [15]. Let’s first define some useful functions as 


Kı Kı 
R®=-J] (z(u) — a) Ri = JT] (elu) - z5) , 
j=l j=l 
Kı Kı 
(+) O 3 are 
Bi l E i) Š II (= ls) f 
Kı Kı 
Qi = [[@-w;).5 = | [ oses (x(u), £j) ; (2.1) 
j=l j=l 


and the functions with no subscript mean a product of type-4 and type-4 ones: R = R4R3, B = B4B3. 
We also introduce the excitation number vector K = (L|K1, K2, K3, K4, K3) as before, then the 7- 


2These m,’s are not necessary to be integers when we consider giant magnons. 


deformed ABA can be written as (in the sug nee 


eo2ni(AK): _ -i21 Q3 BY) . 
Q3 B U=U1,k 
eo 2mi(AK)2 _ wae 
e-2ri(AK)s _ QJ RO) 
Q7 R) U=U3,k 
++ dm pe 
e ?Ti(AK) — eipluan) L Ga Br Rs gg s 
Qı By R U4, k 
++ — aa 
e72?Ti(AK)3 = —e Puan )L QI By Rs S4 S3 , (2.2) 
QI Bi R3 uzg 
where the x* are Zhukowsky variables, 
pA a ee oe ee (2.3) 
"T RO)?” TE AN a i 


and we have already used the general notation 


f* = f(uti/2), f** = f(u ti), f7] = f(utia/2). (2.4) 


K4 Kı > 
1 1 1 
n= n j n\U4, j)» n= i E Aa 
o= altu) + Zalas) a lera ra) (2.5) 
The conserved momentum reads 
= ĵ +2n(AK)o, (2.6) 
where 
at 
= oi =i os EH -1X1 “4 : (2.7) 
U4, 4 Tij 


At weak coupling, h(A) ~ A, and at strong coupling, h(A) ~ ,/A/2. The BES dressing phase oggs 
behaves like: 


Ss +1, when à> 0, (2.8) 
L=e,2) (1=—¢,9, loa (jue) 
OBES (Uk, uj) > —— >= ae a , when \ > oo. (2.9) 
=e ; 1- gte; 1-2, 2; 


In the scaling limit ua j ~ L ~ Vi ~ Ka > 1, we find 


ee i i 1 
g = z(u + a =o ze) + O(S) (2.10) 
where > 
1 zx 
a(z) = TES (2.11) 


and g is defined through g = \/A/8. It is convenient to introduce the resolvents: 


= a(Taj) 3 a(x) A - 
Gala) = ) TEN. Ha(£) = ) Cay Ga(x) = Ga(1/z), HA) = Ha(1/x). (2.12) 
j=1 Gi j=1 a, 


We can recover the conserved charges Q, from these resolvents: 


Ga(x) + Gq(x) = — pe On+12". (2.13) 
n=0 


3 The classical spectral curve of y-deformed AdS,/CFT3 


In this section, we try to obtain the classical spectral curve from the generating functional [19],[20]. 
In the context of y-deformation, the twisted generating functional is needed. The twisted generating 
functional for y-deformed AdS4/CFT3 has been constructed in [15] and reads (we have used a different 
gauge from there) 


1 O50, Fae oe 1 
1 T: 3 
t= 7 Bo P A Ni w 23 t=T OFRO? 
where 
T = eTil (Ss —01)L+(81 ô3)Kı+(ô1 +282 +63)(K4—K13)) , T2 = 1. (3.2) 
In the scaling limit, we have the following expansions 
BO-Qt _,_ ©°Qi + #Qo 7 ALA 
BO)-QT exp[-a(— | H — Hy + H4 + Hj), 
Qi Qs x~ exp|—i(—Hı — Hy + Hə + Ho)), 
QI Q2 
Q3* f3 2 exp|—1(— H2 — H + H3 + H3)], 
Q2Q3 
Qz R) ~ Qı +Q = 7 
QRO ~ exp|-i(—— 5 + Hs + Hs- Ha — Ha). (3.3) 


At strong coupling, the generating functional becomes 


(1 — A1d)(1 — à2d) 


We (i eau) 


(3.4) 
where àa = e*t, with qa being the so called quasi-momenta. We have refined the formal expansion 
parameter in the following way 


Lx/2g + Qo 


d = exp|i( ol 


+ H — H3)|D. (3.5) 


The AdS; x CP3 classical string algebraic curve is a ten sheets Riemann surface parameterized by 
{eida(*) e-i4a(") 1. After some computations, we find 


qz(z) = s — H; — H; + H4 + Ha + $3, 
q(x) = a Oat Hə — H3 — Hı + Ha + $2, 
q(x) = a H; — Hə — Ho + Hi + Qn, 
ua) = AIO f +H- Hai- Hait ha 
q(x) = H4- H; + H4 — H3 + $s, (3.6) 


where $3 = —ilogr, + 27(AK)o,¢4 = ilog71,¢, = ¢2 = 0, and qii- = —qi i = 1,2,---,5. As 
discussed in [15], we must also introduce the twist phases 


To = eTil 22 L (61 +3) ky (61 +262+63)(K3—K4—Kj)) AF zZ eT i(262L+(51+63)K1 +(81 +262+63)(K3—Ka— KG) 
(3.7) 
such that ¢@5 = —ilog7 9. The relations between the conserved angular momentum and the excitation 
numbers read 
q 1 
i= Joi = 3 = za + K1- Kı — Ks), 
Kygt+tkhy K3-K 
(29 eee a 
2 2 2 
Jp = Jy = BO = Ka — Ka, (3.8) 


where we denote the SU(4) Dynkin labels as [p1, q, pọ]. See Appendix [B] for more information. Using 
the above relations, we can write the twists AK appearing in the ABA equations as 


341 — 7133 
LER +P- A) 
0 
BJ + Jo) — HB 
+ (2J9 + J3) + (J3 = 27) — BA + J2) 
—F(2Jo — J3) + B(J3 + 241) — B(A + Je) 


AK= 


ya 
2 


With the help of the formulas given in Appendix [A] it’s very easy to show that the twisted ABA 
eqs. (2.2) are equivalent to the following equations in the scaling limit. 


: : +2 — — = 
q3(a + i0) — q2(x — i0) = Q142: L Hy — Hy + Aa + Ha + $5 — $2 = 2am mei 
go(z + i0) — qı (z — i0) = -Hı + 2M — H; — Hı + 2H — H3 + ġ2 — $61 =2rng TEC, 
, , Qi +Q = 
qi(x + i0) — qa(x — i0) = a Hə + H, + Hy — Hə + 1 — d4 = 2mn3 xEC3, 
: . La /2g — 2 = _ 
aul + 10) -gle — i0) = EBIT OI L H — apy + Pa — Ba + Hy + da — b5 = Peng x € Ca, 
: . DLa/2g — = m _ 
gala + i0) + asle — i0) = ZGO 5 Fa oy + Hy — Hy + Ha + a + 05 = Peng z € Cz. 


(3.10) 


4 Spectral curve for giant magnons in CP} 


In this section and the following, we will work with the G-deformation of AdS,/CFT3, where we take 
V1 = 72 = 0,73 = B, and we label the Dynkin nodes as (r, u,v) instead of (3,4,4). We use the ansatz 


for solutions mostly in CP3 af, 


q(x) = I + 61+ Agi, 

elz) = — + b2 + Ads, 

a(z) = -= ~ Gu(0) + Gulz) — Go(0) + Guz) — G(x) + G,(0) — Gr(2) + 63 + Ads, 
ule) = -= — Gula) — Go(x) + Gr(x) — G-(0) + Gr (x) + b4 + Ada, 

q5(@) = Gu(w) — Gu(0) + Gula) — Gol) + Gu(0) — Gu (2) + bs + Ads, (4.1) 


where the twists ¢; and Ag; adding here are to be determined. Let’s make some comments on these 
two kind of twists. The giant magnons are open string solutions with endpoints located on different 
places. If we want to treat them as closed strings, we have to consider Zm orbifold of deformed ABJM 
theory. The A@,’s incorporate this effect. While the existence of ¢; are due to that we are considering 
the 6-deformed theory. The Dynkin labels of SU(4) are related to the excitation numbers by 


Pı Le 2K, =F K; 
q = Ky + Ky — 2K; . (4.2) 
p2 i= 2K, +t K, 
While in this sector, 
J 4 5(Ky + Ky — 2K,) 
Jh | =| Sere |=| 4(2L- K- Ko) |. (4.3) 
J3 PoP Ku pe Ky 


In the last section, we have calculate the twists @1,...,@5, with the help of eq. (8.9), we can write 
them in terms of the angular momentum. For the case at hand, we have 


d1 = b2 = 0, ¢3 = T(J — Jo), b4 = TB( St + J2), 65 = 0. (4.4) 


4.1 Fix the twists from orbifolding 


In this section we will mainly discuss the RP? giant magnon, which is the dyonic generalization of 
RP? giant magnon. We closely follow the treatment of (early work on treating giant magnon 
as closed string on orbifold includes [22]-[24]). Let us temporarily put aside the deformation. As 
mentioned above, giant magnons are open string solutions with non-periodic boundary conditions. 
For RP? magnon, we have 


Y'(o = 2m) = Y! (o = 0) exp(ip/2), 

¥7(o = 27r) = Y? (o = 0), 

Vg = 2r) = Y? (o = 0), 

Y4(o = 27) = Yt (o = 0) exp(—ip/2). (4.5) 
3Comparing with [I], We flip the sign in front of all resolvents in the ansatz for the quasi-momenta q1,- ,q4. Only 


with this choice, the asymptotic behavior of the quasi-momenta (4.13) and the total momentum from the inversion 
symmetry (4.17) are correctly produced. Accordingly, we also flip the sign in (418) and (5.1). The algebraic curve for 
giant magnons was also studied in [I6]. 


Formally identifying this open string as closed string leads us to consider Zm orbifolding of ABJM 
theory. This theory appears when we consider low energy effective theory of N M2 branes put at 
C*/(Zu x Zm) orbifold singularity [25]- 28] with Zm acting on C* as 


(Y',Y?,Y°,Y*) > (exp(2mm/M)Y', Y?, Y’, exp(—21m/M)Y“). (4.6) 


Notice that this Zm is inside SU(4) R-symmetry group of ABJM theory. It is easy to see that we 
should identify p/2 with 2rm/M. Then we have to set the charges of Y?’s as 


sr = (m,0,0,—m). (4.7) 
From the analysis in [29], we have 
SI = (t2, ti — t2, —t + t3, —t3), (4.8) 


where t;’s are parameters of the orbifold. Comparing these two results, we find tı = t2 = t3 = m. 
Then the charges appearing in the su2-grading orbifolding ABA equations are 


qt = (—t2-— t3|0,—t1,2tı — t2 — ts, —t1 + 2t2, —ty + 2t3) 
= (—2m|m,0,—m,m,m). (4.9) 
The phases from the orbifold are 
exp(2miqt /M) = (e~® |e?/?,1, e~P/?, elP/?, eiP/?)., (4.10) 


Notice that in the ABA equations, the phase due to deformation exp(—2ri(AK);) should be multiplied 
by the phase due to new orbifolding exp(—2mig7 /M), so the change of ¢’s due to this orbifolding should 
satisfy 


Ad3 — Aga = —p/2, 
Agz— Adi = 0, 
Adi — Ads = p/2, 
Ads — Ags = —p/2, 
Agu + Ads = —p/2. (4.11) 
This leads to 
Ad, = Adz = Ads = 0, Ad3 = Ady = —p/2, (4.12) 


exactly the same as the results given in [30] (see also [3I]). Thus the asymptotic behaviour of the 
quasi-momentum when z — oo 


qı 0 A+S 

q2 0 1 A-S 

q3 a TB Sy = J2) — p/2 + Joz Ji + Jo ; (4.13) 
q4 Tpi + Jo) — p/2 | ha 

q5 0 J3 


Comparing our ansatz eq. (4.1) with the asymptotic behaviors eq. (4.13), we conclude a = A/2g and 
S=0. 
The total momentum condition from the Bethe ansatz now reads 


p = 2mn — 2n(AK)o + p. (4.14) 
Here n € Z, p is the momentum of giant magnon and ® is defined as 


K4 gr Kı at. 
p=-—iX log = —iŅ log 4. (4.15) 
j=l 4j j= = “ay 


For -deformed case, we have 


And the above result is consistent with the results from inversion symmetry 
2nn = q3(1/x) + qa(z) = P+ $3 + Ads + G4 + Ads = P+ 2r BI; — p. (4.17) 


For our convenience, we can set n = 0. In fact, any even n gives the correct result. This require comes 
from the ambiguity of the definition of p. Let’s make this point more clear. p is defined up to some 
integer multiply 27. For ‘small giant magnon’, any n gives the same result. But for RP? magnon, 
this integer must be a even number, because we have two copies of ‘small giant magnon’. 


4.2 Infinite size dispersion relation 


Studying giant magnons using the classical spectral curve method first appears in [32], where the 
authors show that giant magnons correspond to logarithmic cuts in the algebraic curve language. The 
giant magnons in CP have various forms. But essentially they belong to two different classes: the 
‘small’ and ‘big’ giant magnons and their dyonic generalizations. They can all be constructed by 
setting some of the resolvents in ansatz eq. (£I) to be 


SNT 
Grag(t) = tog (ZÆ), (4.18) 


where (Xt)* = X7. 
As a warm-up exercise, let’s first consider the ‘small giant magnon’ with 


Gy (2) = Gmag(£), G(x) = G (a) = 0. (4.19) 


The charges can be read from the asymptotic behavior of this curve 


X+ il 1 
n= —7 —_. = —įi P g — = 
p= ilog =—, Ji ig(XT —X + > x2 
1 1 
= (X+ - 2 
p= A+ig Xt -X--— +=) =2h. (4.20) 


Then the dispersion relation can be find as 


E=A- =f JP + 169? sin? 5, (4.21) 


Now we consider another kind of dyonic giant magnons in CP3, which are also called pair of small 


where p = p — 27 GJ. 


giant magnons or RP? magnons. They can be constructed by putting a ‘small giant magnon’ in each 
sector, G(x) = Gy(x) = Gmag(x) and with G,(x) = 0. From this setting, we obtain the charges as 


X+ 1 1 
p= —?2il —— = —24 T i ——— a 
p i log =, Jy 2ig( XT -X` + xe x> 
1 1 
= al Xt = _ 
Jj = A + Qig(X -X — xF + ra J3 = 0. (4.22) 


Thus we find the dispersion relation 


E= A- J= y| J? + 64g? sin? =, (4.23) 


where p = p — 2r 8 Ji. 


5 Finite-size corrections 


The finite-size effects for giant magnons were usually computed through Ltischer formula, which basi- 
cally contain two different terms coming from two types of spacetime interpretation: the u-term and 
the F-term, which correspond to the leading classical corrections and the first quantum corrections 
respectively. The F-term is easily compute from classical spectral curve. In [I], the authors proposed 
a method to compute the u-term from the algebraic curve, see also [83]. As we don’t not attend to 
construct the Drinfeld-Reshetikhin twist of the AdS4/CFT3 S-matrix in this short note, we will 
try to compute the finite-size corrections using the twisted classical spectral curve proposed above. 
The basic idea is that at finite size we can think the giant magnon solutions obtain a small square 
root cut tail in each ends of the logarithmic cut. Considering this, we use the finite-size resolvent 


vz—Xt+vyr-yY+t 
Ggnite(x) = 2i log | -== ] , (5.1) 
vxr—X`+vr-Y 
where Y~ are points shift by some small amount away from X=: 
Vs = X+(1+4 idet’), (5.2) 


As a simple check, when taking 6 = 0, this finite-size resolvent goes back to the infinite-size resolvent 
(4.18). Now we will study the finite-size RP? dyonic giant magnons using the method mentioned 
above. For this purpose, we set G(x) = Gy(x) = Ggnite(x) and with G,(x) = 0. We write 


X* = retPo/4, (5.3) 
The momentum of the giant magnon is 
where 
: 4 VXt+vVvY+* 
= —4i log —————. (5.5) 
VX vY 
The expansion of p in small 6 is 
3 
P = Po + 2cos($)d + 7 sin(2¢)6” + O(6?). (5.6) 
The non-trivial large x asymptotic of this curve is 
(e) xr- do) -2 + (A+ : 
L) ST — -= + — i 
93 1 2 2° Qon g =- 7 JX y 
1 , 
qale) = TBh + I) -F + gz A + Dig X4 = Ry, (5.7) 
from which we solve 
J (== CEA a yt+y-) 
=i - | 4 ; 
IMANE VAr 
2 2 
h=A+i (se - eee tt aart), 5.8 
2 g oe vty + (5.8) 
Then we also expand these two charges in 6 up to O(6°) as 
Jy = FO + M6 + FOP? + 08), yp = JO + M6 + IOP + 0(8). (5.9) 
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The coefficients have already been compute in [35], and we report the results here. The result for Jı 
is 


J) = 3 sin (2 = 26) (5.10) 


Similar result for Jo reads 


3 ` 
JO = = sin E = 26) (5.11) 
Then we find the corrections to € = A — Jz begin at order 6? 
= 9 “ 
bE = A — J — y| J? + 64g? sin? È = este) din (2) 52. (5.12) 


We now need to find out 6 by solving the constraint 
2mnı = qalx + i0) — qr(x — i0), x € Caz, (5.13) 


where C47 is the square-root branch cut connecting the 4th and 7th sheets as we are considering 
the RP? magnons, for which [K,, Ku, Ky] = [0,J1, Ji]. We are interested in the leading finite-size 
corrections, therefore we can evaluate at x = XT as 


2axt 


dan = a t 2Ganite(Xt + i0) + 2Ggnite(X* — 10) + wB(A, + J2) — p. (5.14) 
Solving this equation, we can fix 6 as 
2 1 ep ein2 (x /4\oin(ni—BJ2)—2id —iAr/2g 
6° = +64sin  (p/4)e T.28? exp (my ZFA) (5.15) 


To ensure the energy corrections being a real number, we must impose 6 to be real (for generic case 
the contributions at the O(6) order may be nonvanishing). Then the real part of 6? is 


Ar(r? + 1) sin(p/4) | 
29((r2 — 1)? + 4r? sin? (p/4)) 


2 (4: +4/ J? + 649? sin?(5/4) ) 4/ J? + 64g? sin? (p/4) sin?(p/4) 


J? + 64g? sin*(p/4) 


R(8?) = |6?| = 64 sin?(p/4) exp |- 


= 64sin?(p/4) exp |— (5.16) 
Inserting this expression into eq. (5.12), we find 
—256g° sint (5/4) 
J? + 64g? sin? (p/4) 


2 (4 + 4/ J? + 649? sin?(P/4) ) J? + 64g? sin? (p/4) sin? (p/4) 


x S$. ro? ] - 5.17 
oe J? + 64g? sint (p/4) pnt) 


SE cos(2¢) 
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The condition $(6) = 0 gives the relation of the phase ¢ and the conserved charges 


te sin(p 2 sin? (p 
sin(p/2) ) =J (B/2),/ Ji + 64g P9 (5.18) 


26 = mni — | T8 + Ji 
$ i ( pdt J? + 64g? sint (5/4) J? + 64g? sin* (5/4) 
where n} = nı for plus sign in (5.15) while n} = nı — 1 for minus sign in (5.15). Here we still have 
p=p—2nrBJ, as before. 


6 Conclusion 


In this note, we have constructed the classical spectral curve of y-deformed AdS4/CFT3, which is 
consistent with the twisted ABA equations at strong coupling. The y-deformed algebraic curve is not 
very different from the original one as we only adding some appropriate phases which can be easily 
obtained from the twisted generating functional and some other natural requirement. To check our 
proposal, we compute the finite-size corrections of the dyonic giant magnons in AdS4 x CP} using our 
twisted algebraic curve. Our result is the same as the one in [2]. We hope this can be further verified 
by construct the twisted S-matrix and appropriate twisted boundary as in [84| for AdS;/CFT4, and 
using the generalized Liischer formula to compute the corrections of the dispersion relation. 

Recently, the quantum spectral curve for y-deformed AdS;/CFT 4 has been construct in [87], it’s 
also very interesting to find out it for AdS4/CFT3 with 7-deformation. 


Acknowledgments 


We would like to thank Hao Ouyang and Chao-Guang Huang for very helpful discussions. This work 
was in part supported by Natural Science Foundation of China under Grant Nos. 11575202(HC, JW), 
11275207(HC), 11690022(HC). 


A Useful formula in scaling limit 


We give some useful formula of quantities expanding in the scaling limit. 


+ ++ A - -- 7 
Qa u Sa” 1 expli(Hale) + H,(e)), 22 ~ 22- ~ expat (2) + H(2)), 


Qa 7 Qa On > Qa 

RO) RH+ BH pi ee P 

RO= per exp[i(Ga(x) + Ga(2)], BO ~ BO ~ exp[i(Ga(x) + Ga(z))], 
Ka K4 

1 1 T — T4 j — G4(0) 

=) logopes(u, uj) = =) =t = - (2) - 

3 2g 2 (x? — 1) (2x4, — 1)(24 — 1) s x2 —1 

Q1+2Q 

Ga (a) + Gale) = = + Hala) + Hale), 

= r ?QI +Q = = 

Gale) + Gala) = -Z + ala) + Aala) (A.1) 


B Global charges 


The Dynkin labels of a state can be read off from the Bethe equations as follows: we expand the right 
hand side of the Bethe equations for each flavor of root at infinity while keeping other roots finite. In 
this way, one can obtain the Dynkin label r; via comparing this expansion with 1 — irj/h(A)£j,k + 
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O(1/27 ,,) B3. 
ry = —nK2 — dD, 
r2 = 2nK2 — NK3 - 7k, 
r3 = -K2 + nK4 + nK3 + oD, 


1 
r4=L-(1+nKı+(1-n)Ki+nK; + 50 —7)dD, 


1 
rg=L-(1+ nig + (1 — 1) Ka + 3 + 5(1— 0)dD. (B.1) 


For sug grading discussed in the main text and the SU(4) Dynkin label [p1, q, p2], we have 


G=fi +r2 +r3 = K4 + Kł- K3- Kı, 
pı = r4 = L- 2K, + K3, 
p2 = r3 = L — 2K3 + K3. (B.2) 
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